Abstract Morphological characters within the Ustilago-Sporisorium-Macalpinomyces complex are defined explicitly. The genera Sporisorium and Anthracocystis are emended to reflect morphological synapomorphies. Three new genera, Langdonia, Stollia and Triodiomyces are described based on soral synapomorphies and host classification. The new classification of the Ustilago-Sporisorium-Macalpinomyces complex incorporates 142 new taxonomic combinations.
INTRODUCTION
The three genera of smut fungi, Ustilago, Sporisorium and Macalpinomyces, form a complex that has eluded resolution by morphology (Langdon & Fullerton 1975 , Vánky 1991 , Piepenbring et al. 1998 and molecular phylogenetic analysis (Stoll et al. 2003 (Stoll et al. , 2005 . Two suggestions to reconcile the taxonomy of the complex have been proposed. The first was to break up the current taxa into several smaller genera and subgenera, and the second to unify the three genera into a single genus, Ustilago (Vánky 2002 , Piepenbring 2004 ). The former solution is dependent on finding morphological synapomorphies that can delimit the genera, and the latter solution dismisses the wide morphological diversity within the group (McTaggart et al. 2012b ).
Synapomorphic morphological characters and host plant classification delimited clades in the Ustilago-Sporisorium-Macalpinomyces complex (McTaggart et al. 2012a ). The current study defines these synapomorphic characters and proposes a new classification for many species currently placed in Ustilago, Sporisorium and Macalpinomyces. This approach preserves the well-known genera Ustilago, Sporisorium and Macalpinomyces, and enables the classification to reflect morphological diversity in the complex.
PHYLOGENY
Phylogenetic analyses resolved eight clades within the Ustilago-Sporisorium-Macalpinomyces complex (McTaggart et al. 2012a ). Six of the clades had unique morphology or host characters. Sporisorium and Anomalomyces were accepted genera. Here Anthracocystis is reinstated, and three new genera, Langdonia, Stollia and Triodiomyces are proposed to accommodate newly resolved clades ( Fig. 1) .
Definitions of soral characters in the Ustilago-Sporisorium-Macalpinomyces complex
The interpretation of soral morphology is inconsistent for many descriptions of smut species. For example, Sporisorium consanguineum, Macalpinomyces spermophorus and M. viridans were described with columellae, but these structures are not homologous with columellae in Sporisorium s.str. (McTaggart et al. 2012a) . Soral characters need accurate definition to prevent misinterpretation.
Columellae
A columella is defined as a structure formed by both fungal and host material, which proliferates after hyphal-induced growth of the host meristem, and connects the sorus to the host. The columella is invariably the same length or slightly shorter than the length of the sorus. There are two types of true columellae within the complex. Stout columellae are a synapomorphy for Sporisorium s.str. (Clade 1), and filiform, flexuous columellae are a synapomorphy for Anthracocystis (Clade 4) (McTaggart et al. 2012a ). The non-homologous columella-like structures found in other clades have different origins and do not satisfy the definition of columellae. In particular, care should be taken not to confuse the columella with remnants of the inflorescence, such as in Ustilago drakensbergiana.
Sterile cells
Sterile cells are defined as the cells formed from partitioning non-sporogenous hyphae within the sorus. Sterile cells are an apomorphic character of the complex and were present in Macalpinomyces eriachnes, Anomalomyces panici, and Clades 1, 2, 3, 7 and 8 (McTaggart et al. 2012a) . Sterile cells also occur in other groups of smut fungi, including Tilletia in the Exobasidio mycetes, and are not a valuable character for higher levels of classification. Cells found in the peridium are not formed from partitioning hyphae and are referred to as peridial cells. Peridial cells are generally irregular and in chains, and are only found in taxa with a fungal derived peridium. McTaggart et al. (2012a) . Type species of known genera are in bold.
the Ustilago-Sporisorium-Macalpinomyces complex. Taxa that lack sterile cells occur in two monophyletic groups, namely Anthracocystis and the subgroup, Ustilago s.str. (McTaggart et al. 2012a ). Absence of sterile cells is an apomorphy for these groups.
Spore balls
Spore balls were considered to be a convergent character within the Ustilaginomycotina (Vánky 2001b) . However, spore balls produced by coiled sporogenous hyphae are an apomorphic character within Anthracocystis, Anomalomyces panici and Langdonia (McTaggart et al. 2012a) . Although spore balls are homoplasious within the Ustilaginomycotina, they can be used for generic delimitation within the complex.
TAXONOMY SPORISORIUM s.str. (Clade 1)
Sporisorium was originally described as having columellae and sterile cells (Link 1825 , Langdon & Fullerton 1978 . Many species were described in Sporisorium even though they lacked sterile cells, for example Sporisorium absconditum, S. cenchri and S. glutinosum. Spore balls became a de facto character that defined Sporisorium (Vánky 2002) , although spore balls were not mentioned in the type description. McTaggart et al. (2012a) resolved the synapomorphies of Sporisorium s.str., which were the presence of a woody columella and sterile cells, and absence of spore balls. It is now possible to define Sporisorium in a strict sense, according to the descriptions by Link (1825) and Langdon & Fullerton (1978 
ANTHRACOCYSTIS (Clade 4)
Many taxa recovered in Clade 4 of the molecular phylogenetic analysis by McTaggart et al. (2012a) were previously classified as Sorosporium. Langdon & Fullerton (1975) described soral differences between Sorosporium on hosts in Caryophyllaceae and on hosts in Poaceae. The name Sorosporium was considered a synonym of Thecaphora (Vánky 2002) and is not suitable for species in Clade 4 as it applies to smuts on Caryophyllaceae. Brefeld (1912) described Anthracocystis to accommodate Caeoma destruens, which was recovered in Clade 4. Brefeld (1912) diagnosed Anthracocystis as a distinct genus based on presence of smut galls, and the peculiar formation of its peridium that developed from floral envelopes.
A third name applied to species in Clade 4 was Lundquistia, which Vánky (2001a) established for taxa possessing spore balls embedded in the host tissue, and sori that lacked sterile cells, peridia and columellae. Vánky (2001a) Vánky (2004) stated that the characters he used to establish Lundquistia were "not strong enough to differentiate two genera", but retained Lundquistia as a genus.
The first two descriptions of Lundquistia by Vánky (2001a Vánky ( , 2004 made some mistaken conclusions about the soral morphology of species included in this genus (2012a). Lundquistia was originally described as lacking columellae (Vánky 2001a) . However, the combination of fungal and host material in the shredded fascicles of vascular bands described in Sporisorium panici-leucophaei are columellae under the definition proposed here. The presence of filiform columellae is a synapomorphy for taxa in Clade 4 (McTaggart et al. 2012a ). Vánky (2001a) reported that the spore balls in Lundquistia were not formed from coiled sporogenous hyphae, which is a synapomorphic character for taxa in Clade 4. The method of spore ball formation in S. panici-leucophaei is not known. For other taxa in Clade 4, spore balls form from coiled sporogenous hyphae, as outlined by Langdon & Fullerton (1975) . Cunnington et al. (2005) demonstrated that the emended Lundquistia (Vánky 2004 ) was polyphyletic. Stoll et al. (2005) first synonymized Lundquistia with Sporisorium and later Cunnington et al. (2005) confirmed the synonymy. They were unable to find any morphological characters that could separate the two monophyletic groups within Sporisorium.
Sporisorium mexicanum and S. panici-leucophaei, which were both placed in Lundquistia (Vánky 2001a (Vánky , 2004 Anthracocystis compacta (Vánky) Notes -Anthracocystis dembianensis possesses several synapomorphic characters of Anthracocystis, namely permanent spore balls, dimorphic spores and absence of sterile cells. The columella is described by Vánky (2003a) as flagelliform, often with a shortly bi-or trifurcate apex. Examination of four specimens of A. dembianensis confirmed that the columella is flagelliform. It is woody at the base of the sorus and tapers into a flattened, filiform apex. Notes -There are a few sterile cells reported in Anthracocystis destruens (Vánky 1994a Notes -Sterile cells formed from non-sporogenous hyphae are usually absent in Anthracocystis. There are a few sterile cells reported in A. hwangensis (Vánky 2000) , which are most likely remnants of the non-sporogenous hyphae. Anthracocystis hwangensis on Sporobolus is one of five known Anthracocystis species that have a chloridoid grass as host. The majority of Anthracocystis taxa infect andropogonoid grasses. Notes -Sterile cells formed from non-sporogenous hyphae are usually absent in Anthracocystis. There are a few sterile cells reported in A. normanensis (Shivas & Vánky 2001) , which are most likely remnants of the non-sporogenous hyphae. Anthracocystis normanensis on Cynodon is one of five known Anthracocystis species that has a chloridoid grass species as host. The majority of Anthracocystis taxa infect andropogonoid grasses. Notes -Sterile cells formed from non-sporogenous hyphae are usually absent in Anthracocystis. There are a few sterile cells reported in A. ugandensis (Vánky 2005) , which are most likely remnants of the non-sporogenous hyphae.
Anthracocystis walkeri (Vánky) 
LANGDONIA (Clade 8)
The new genus Langdonia is proposed to accommodate the monophyletic group of smut fungi that infect the ovaries of Aristida, have coiled sporogenous hyphae and lack columellae. 
c b a
Langdonia inopinata (Vánky) McTaggart & R.G. Shivas, comb. nov. -MycoBank MB801718 
DISCUSSION
Six of the monophyletic groups within the Ustilago-Sporisorium-Macalpinomyces complex are well supported and can be defined by morphology or host classification. The soral synapomorphies present in Sporisorium provided a clear, morphological solution to what was the largest component of the Ustilago-Sporisorium-Macalpinomyces complex. Relationships among these groups are still ambiguous. Character evolution within the complex cannot be determined confidently while there is doubt about the evolutionary relationships among the clades. For example, because the relationship of Sporisorium to Anthracocystis is not fully resolved, it is unknown whether columellae arose once in a shared common ancestor, or whether columellae were derived in two separate clades. The results of our previous studies indicate that the two structural types of columellae arose separately in smut fungi that infect the Andropogoneae.
Macalpinomyces remains a polyphyletic group, with taxa distributed over three unrelated clades: i) the monotypic type species Macalpinomyces eriachnes; ii) Clade 2, which contains smuts with tubular sori that are either localized or entirely replace the host inflorescence; and iii) Clade 7, which form galls on panicoid and chloridoid hosts and have sterile cells. The possible taxonomic outcomes of these clades were discussed by McTaggart et al. (2012a) .
Ustilago is also polyphyletic, with taxa distributed in three clades: i) Clade 6, which contains the type species and may be further subdivided into host delimited genera; ii) Clade 2, which contains Ustilago maydis and taxa with tubular sori; and iii) Clade 7 with species that do not possess sterile cells or peridia, for example, U. drakensbergiana. The resolution of Ustilago and Macalpinomyces are dependent on each other, and in future phylogenetic analyses, taxa should be chosen from Stollia, Ustilago s.l., and Clade 2, 6 and 7. It is not necessary to add Sporisorium or Anthracocystis as these clades are well represented. Data should be obtained from the nuclear rDNA loci ITS and LSU. The addition of more nuclear sequence data is another approach if nuclear rDNA loci do not resolve the relationships.
